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(57) ABSTRACT

According to one embodiment, a semiconductor storage
device includes a stacked body above a substrate. The
stacked body includes a first stacked region in which a first
insulating layer and a second insulating layer are alternately
stacked and a second stacked region 1n which a conductive
layer and the first msulating layer are alternately stacked.
The semiconductor storage device includes a memory pillar
that extends through the second stacked region of the
stacked body 1n a stacking direction. The second insulating,
layer comprising a {irst insulating material within the first
stacked region and a second insulating material on ends of
the second 1nsulating layer in a direction intersecting to the
stacking direction.
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SEMICONDUCTOR STORAGE DEVICE AND
METHOD FOR PRODUCING
SEMICONDUCTOR STORAGE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2019-170525,
filed Sep. 19, 2019, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to semi-
conductor storage devices and methods for producing a
semiconductor storage device.

BACKGROUND

In a process of producing three-dimensional nonvolatile
memory, such as three-dimensional NAND memory, a
stacked body including conductive layers 1s formed by, for
example, replacing a plurality of insulating layers with
conductive layers.

In a region where a contact, which passes through the
stacked body in the vertical direction thereot, 1s provided to
establish an electrical connection, the msulating layers 1n
such a region of the stacked body sometimes remain 1n the
final device as insulating layers. That 1s, such insulating
layers 1n such a contact region are not replaced with the
conductive layers during device fabrication.

In this case, it 1s desirable to inhibit the removal and
replacement of the insulating layers with conductive mate-
rial in this region.

As one technique, a method has been proposed by which
a silicon nitride (S1N) film 1s formed as an insulating layer
to be replaced (sacrificial layer), but a silicon oxide film 1s
then formed on the mside wall surfaces of slits by oxidizing,
the silicon nitride film. The slits are adjacent to or in the
region through which a contact will later be passed. The
formation of silicon oxide in this matter 1s intended to
prevent removal of the remaining silicon nitride in the
contact formation region.

However, with this method, 1t 1s difhicult to make the
protective oxide film very thick and thus there 1s a possibility
that the SiN 1nsulating layer will still be replaced, uninten-
tionally, with conductive material 1n the contact formation
region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a semiconductor storage
device according to an embodiment when viewed from
above.

FIG. 2 1s a cross-sectional view taken along the line A-A
of FIG. 1.

FIG. 3 1s a cross-sectional view taken along the line B-B
of FIG. 1.

FIG. 4 depicts aspects of a method for producing a
semiconductor storage device.

FIG. 5 depicts aspects of a method for producing a
semiconductor storage device.

FIG. 6 depicts aspects of a method for producing a
semiconductor storage device.
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FIG. 7 depicts aspects of a method for producing a
semiconductor storage device.

FIG. 8 depicts aspects of a method for producing a
semiconductor storage device.

DETAILED DESCRIPTION

In general, according to one embodiment, a semiconduc-
tor storage device comprises a stacked body stacked above
a substrate and a memory pillar. The stacked body 1ncludes
a first stacked region 1n which a first insulating layer and a
second 1nsulating layer are alternately stacked on each other
in a stacking direction and a second stacked region in which
a conductive layer and the first mnsulating layer are alter-
nately stacked on each other in the stacking direction. The
memory pillar extends 1n the stacking direction through the
second stacked region of the stacked body. Memory cells are
at the intersections of the memory pillar and at least some of
the conductive layers. The second insulating layer comprises
a {irst insulating material within the first stacked region and
a second 1nsulating material on ends of the second insulating
layer 1n a direction perpendicular to the stacking direction.

An example embodiment will be described with reference
to the drawings. The present disclosure 1s not limited by this
example.

FIG. 1 1s a schematic view of a semiconductor storage
device according to an embodiment when viewed from
above.

A semiconductor storage device 10 includes two first slits
ST1, a memory region MEM between the two first slits ST1,
two second slits ST2 between the two first slits ST1, an
oxide-based region OXB between the two second slits ST2,
and a gate 1solation portion SHE.

The oxide-based region OXB can be used as a region
through which a contact 1s passed 1n a vertical direction to
establish electrical connection(s).

The first slit ST1 1s used to imtroduce hot phosphoric acid
or the like when a sacrificial layer SN 1s being removed (by
the hot phosphoric acid or the like) during the production of
the semiconductor storage device 10.

In the memory region MEM, memory cells MC are
three-dimensionally arranged. The memory region MEM
includes a plurality of cylindrical pillars PL.

Each pillar PL includes, 1n order from the outer periphery
thereof, a memory layer, a channel layer, and a core layer.
The memory layer includes, for example, a S10,, layer, a SIN
layer, and a S10,, layer which are stacked. Moreover, as the
channel layer, an amorphous silicon layer or a polysilicon
layer, for example, 1s used. Furthermore, as the core layer, a
S10, layer, for example, 1s used.

Moreover, the oxide-based region OXB 1s placed 1n the
central part of the memory region MEM. The oxide-based
region OXB 1includes a sacrficial layer SN. The sacrificial
layer SN 1s a layer that 1s replaced with a word line WL (for
example, a conductive layer of tungsten or the like forms the
word line(s) WL ) 1n a production process. In the oxide-based
region OXB, apart of the sacrificial layer SN remains
without being replaced with the word line WL matenal.
Silicon nitride (SiN), for example, 1s used 1n the sacrificial
layer SN.

In the oxide-based region OXB, a plurality of contacts C3
are provided to connect a peripheral circuit below the
memory region MEM to upper layer wiring and the like
ultimately above the memory region MEM. In FIG. 1 six
contacts C3 are depicted, but this 1s only an example and, 1n
general, any number of contacts C3 may be provided.
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The gate 1solation portion SHE 1s provided for individual
selection of a plurality of memory cells connected to the
same bit line (1s the bit lines are not shown 1n FIG. 1) and
the same word line WL.

FIG. 2 1s a cross-sectional view taken along the line A-A,
which 1s shown by arrows, of FIG. 1.

As shown 1n FIG. 2, the semiconductor storage device 10
includes a substrate SB, a peripheral circuit formation por-
tion CUA, and the memory region MEM.

The substrate SB 1s a semiconductor substrate such as a
silicon substrate.

The peripheral circuit formation portion CUA including a
transistor TR, wiring, and the like 1s placed on the substrate
SB.

The peripheral circuit formation portion CUA 1s provided
below the memory region MEM. A peripheral circuit formed
in the peripheral circuit formation portion CUA 1s a circuit
that contributes to the operation of a memory cell array or a
memory cell. The peripheral circuit 1s covered with an
insulating layer 15.

On the msulating layer 15, a conductive layer BSL 1s
placed. A conductive layer DSC 1s placed above the con-
ductive layer BSL with a conductive layer SC sandwiched
therebetween.

Furthermore, on the conductive layer DSC, an insulating
layer SO and the word line WL are alternately stacked, and,
above the conductive layer DSC, a select gate line SG 1s
provided. The conductive layer BSL and the conductive
layer DSC are electrically connected via the conductive
layer SC.

In the memory region MEM, a plurality of pillars PL and
columnar portions HR that pass through the word lines WL
in the direction 1n which the layers are stacked are placed.
A plurality of memory cells MC are formed at the intersec-
tions of the pillars PL and the word lines WL.

When, for example, a predetermined voltage 1s applied
from the word line WL and the charge 1s stored in the
memory cell MC, data 1s written 1into the memory cell MC.
Moreover, when a predetermined voltage 1s applied from the
word line WL, the data written in the memory cell MC 1s
read therefrom.

As described above, the semiconductor storage device 10
1s configured as three-dimensional nonvolatile memory 1n
which, for example, the memory cells MC are three-dimen-
sionally placed.

As shown 1 FIG. 2, ends of the plurality of word lines
WL are configured 1n a staircase pattern. At each end of each
word line WL, a contact CC that connects the word line WL
and upper layer wiring or the like 1s placed. This makes 1t
possible to extend each of the word lines WL, which are
stacked in multiple layers, to a part above the semiconductor
storage device 10.

In the oxide-based region OXB, the word lines WL
otherwise formed as a result of the replacement of the
sacrificial layer SN with tungsten or the like are not present,
and the sacrificial layer SN remains.

This allows the contacts C3 provided 1n the oxide-based
region OXB to be formed through insulating material, that
1s surrounded by the 1msulating layers SO and the sacrificial
layers SN, and to electrically connect the peripheral
circuit(s) in the peripheral circuit formation portion CUA
and an upper layer wiring or the like above the memory
region MEM.

FIG. 3 1s a cross-sectional view taken along the line B-B,
which 1s shown by arrows, of FIG. 1.
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An isulating layer SO1 1s formed 1n end face parts,
which are side wall surfaces of the second slits ST2, of the
sacrificial layers SN which are not yet replaced with the
word lines WL.

This allows the sacrificial layers SN 1n the oxide-based
region OXB between a pair of second slits ST2 to remain,
which makes it possible for contacts C3 to be surrounded
with 1nsulating layers.

In this case, the distance from an inner wall surface of the
second slit ST2 to an end face of the sacrificial layer SN or
the distance from an inner wall surface of the second slit ST2
to an end face of the word line WL 1s about 15 nm.

That 1s, the horizontal thickness of the insulating layer
SO1 1s about 15 nm. Furthermore, from the viewpoint of
improving any one of resistance to etching in a post-process
and 1nsulation performance as a product or both, the hori-
zontal thickness of the msulating layer SO1 may be set
around 20 nm to 25 nm.

Next, a method for producing the semiconductor storage
device 10 of the embodiment will be described with refer-
ence to the drawings.

First, on the substrate SB, a peripheral circuit and wiring
are formed by a commonly-used semiconductor production
method and the peripheral circuit formation portion CUA
including a CMOS circuit and the like 1s made.

Then, the msulating layer 15 1s formed by depositing a
s1licon oxide film. On the msulating layer 15, the conductive
layer BSL, a sacrificial layer (not separately 1llustrated), and
the conductive layer DSC are formed.

Furthermore, the insulating layer SO including a silicon
oxide film, for example, and the sacrificial layer SN that
includes a silicon nitride film, for example, and functions as
an 1msulating layer that 1s etched by an etchant (for example,
phosphoric acid), which 1s used to etch the sacrificial layer
SN, at a higher rate than a rate at which the insulating layer
SO 1s etched thereby are alternately deposited more than
once; a stacked structure 1s formed 1n this way and used as
a stacked body.

A resist 1s then applied to the entire surface of the stacked
body, and an unillustrated resist pattern having a pattern with
openings 1n positions where the pillars PL are to be formed
1s formed using photolithography.

Then, by using anisotropic etching such as reactive 1on
ctching (RIE), memory holes are formed, using the resist
pattern as a mask, 1n positions where the pillars PL are to be
formed. The memory holes are provided 1n such a way as to
pass through the stacked body in the thickness direction
thereol and reach the conductive layer BSL.

Next, a memory layer, a channel layer, and a core layer are
formed on the imner surface of each memory hole. That is,
as described earlier, this memory layer includes a block
insulating film, a charge storage film, and a tunnel imnsulating
film which are stacked 1n order.

The upper surfaces of the pillars PL are then covered
using unillustrated mask material and resist, and an unillus-
trated resist pattern having a pattern with openings in
positions where the columnar portions HR are to be formed
1s formed using photolithography.

Then, by using anisotropic etching such as RIE, holes are
formed, using the resist pattern as a mask, in positions where
the columnar portions HR are to be formed. The holes are
provided in such a way as to pass through the stacked body
in the thickness direction thereol and reach the conductive
layer BSL.

Next, an msulating film and a conductive film are formed
on the mner surface of each hole.
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Then, the unillustrated sacrifice layer 1s removed using
1sotropic etching.

Furthermore, 1n a space from which the sacrifice layer was
removed, a conductive layer 1s formed using, for example,
polysilicon doped with impurities such as phosphorus. This
allows a portion of the memory hole of the pillar PL, which
eventually intersects the word line WL, to function as a
memory cell.

On the other hand, the columnar portions HR function as
support pillars that support the structure when the sacrifice
layer SN 1s replaced with a conductive layer of tungsten or
the like.

Then, an umllustrated resist 1s applied to the stacked body
in which the pillars PL and the columnar portions HR are
formed, and a resist pattern with openings for forming the
first slits ST1 for replacement of an isulating layer and the
second slits ST2 for formation of a protective film 1s formed
using lithography and development.

Each opening for slit formation in the resist pattern 1s
formed 1n the position and the shape shown i FIG. 1. In
general, the openings for slit formation extend 1n the left-
right direction 1n FIG. 1. The stacked body 1s then etched by
anisotropic etching such as RIE using the unillustrated resist
pattern as a mask and the first slits ST1 and the second slits
ST2 are formed. The first slits ST1 and the second slits ST2
have sidewalls which are inclined with respect to the stack-
ing direction. The first slits ST1 and the second slits ST2
reach the conductive layer BSL.

FIG. 4 depicts aspects of the method for producing the
semiconductor storage device 10.

In FIG. 4, to facilitate understanding thereof, the first slits
ST1, the second slits ST2, the mnsulating layers SO and the
sacrificial layers SN 1n the stacked body, and the substrate
SB are shown and some of the other components (for
example, the memory holes, the contacts, and the peripheral
circuit formation portion CUA) are not shown.

As shown 1n FIG. 4, 1n the semiconductor storage device
10, the first slits ST1 and the second slits ST2 of approxi-
mately the same depth are formed 1n such a way as to pass
through the msulating layers SO and the sacrificial layers SN
and reach the conductive layer BSL.

FIG. 5 depicts aspects of the method for producing the
semiconductor storage device 10.

Next, as shown i FIG. 5, a resist pattern PR with
openings corresponding in position to the portion which will
be the oxide-based region OXB of the semiconductor stor-
age device 10 and positions around the second slits ST2 1s
formed as a mask. Alternatively, a pattern with openings
only around the second slits ST2 may be used.

FIG. 6 depicts aspects of the method for producing the
semiconductor storage device 10.

Next, as shown in FIG. 6, end faces of the sacrificial
layers SN on the sides thereof where the inner wall surfaces
of the second slits ST2 are located are etched by, for
example, chemical dry etching (CDE) and recess portions
(recesses) are formed.

In this case, the depth (in this context, the depth/recessing,
distance 1n the left-right direction in the example of FIG. 6,
the left-rnght direction intersects the vertical direction) of
cach recess portion from the inner wall surface of the second
slit ST2 1s preferably about 80 nm with consideration given
to the rate of subsequent etching of the sacrificial layers SN
by hot phosphoric acid (hot H,PO,) and the amount of
subsequent etching of a S10,, protective film which 1s formed
on the end faces of the sacrificial layers SN 1n a portion 1n
the oxide-based region OXB. The above depth only has to be
set at a depth that 1s deep enough to prevent the sacrificial
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layers SN remaining in the oxide-based region OXB from
being removed by the hot phosphoric acid with consider-
ation given to a temperature or the like 1 an actual process.

FIG. 7 depicts aspects of the method for producing the
semiconductor storage device 10.

Then, as shown 1n FIG. 7, after the resist pattern PR 1s
removed, the msulating layer SO1, which 1s a S10, layer, 1s
formed by plasma enhanced atomic layer deposition

(PEALD) or the like.

In this case, 1t 1s preferable to provide a process of
densification of the S10, layer, which i1s the insulating layer
SO1, i order to mmprove resistance to etching of this
material by hot phosphoric acid.

FIG. 8 depicts aspects of the method for producing the
semiconductor storage device 10.

Then, as shown 1 FIG. 8, the insulating layer SO1 1s
removed by etching in such a way that the mnsulating layer
SO1 formed on the surfaces of the sacrificial layers SN 1n the
inner wall surfaces of the second slits ST2 remains.

This allows the sacrificial layers SN 1n the oxide-based
region OXB to be protected by the insulating layer SO1
formed 1n the mner wall surfaces of the second slits ST2.
When the sacrificial layers SN are etched by hot phosphoric
acid or the like and are replaced with a conductive material
such as tungsten later, the sacrificial layers SN 1n the
oxide-based region OXB are not replaced with the conduc-
tive material and function as insulating layers.

This makes 1t possible to insulate the periphery of each
contact C3 formed 1n the oxide-based region OXB. Then, the

first slits ST1 and the second slits ST2 are filled with an
insulating material such as silicon oxide.

As described above, according to the present embodi-
ment, 1t 1s possible to increase the thickness of a side wall
protective film which 1s formed when the oxide-based region
OXB 1s formed and achieve suflicient resistance to phos-
phoric acid when the sacrificial layer SN 1s replaced with a
conductive layer of tungsten or the like.

Moreover, since the protective film includes silicon oxide
(S10) of higher msulation quality than the silicon mitride
(S1N) 1n the sacrificial layer SN, 1t 1s possible to achieve a
better dielectric strength 1n the oxide-based region OXB.

In addition, 1t 1s possible to reduce the number of pro-
cesses compared to existing processing to forma side wall
protective film for the oxide-based region OXB by oxidation
of a sacrificial layer SN and reduce production costs.

In general, the above-described embodiments dealt with a
case 1n which the semiconductor storage device 10 includes
just a one-tier stacked body. However, 1n other examples, the
semiconductor storage device 10 may include more than one
stacked body (multiple stacked tiers of memory cells or the

like).

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes i1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.
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What 1s claimed 1s:

1. A semiconductor storage device, comprising:

a stacked body stacked above a substrate; and

a memory pillar, wherein

the stacked body has a first stacked region 1n which a first
isulating layer and a second insulating layer are alter-
nately stacked on each other in a stacking direction and
a second stacked region mm which a conductive layer
and the first insulating layer are alternately stacked on
cach other 1n the stacking direction,

the memory pillar extends 1n the stacking direction
through the second stacked region, memory cells being
at 1intersections of the memory pillar and at least some
of the conductive layers, and

the second insulating layer comprises a first nsulating
material within the first stacked region and a second
insulating material on ends of the second insulating
layer 1n a direction intersecting the stacking direction.

2. The semiconductor storage device according to claim 1,
turther comprising:

a contact 1n the first stacked region, the contact extending,
through the first and second insulating layers in the
stacking direction.

3. The semiconductor storage device according to claim 2,

wherein

the first insulating layer comprises silicon oxide,

the second insulating material comprises silicon oxide,
and

the second insulating material 1s directly adjacent to the
contact.

4. The semiconductor storage device according to claim 3,
wherein the thickness of the second 1insulating material on an
end of the second insulating layer 1s at least 15 nm 1n the
direction perpendicular to the stacking direction.

5. The semiconductor storage device according to claim 2,
wherein the thickness of the second insulating material
between the contact and the first isulating material 1s at
least 15 nm 1n the direction intersecting the stacking direc-
tion.

6. The semiconductor storage device according to claim 1,
wherein
the first insulating layer comprises silicon oxide, and
the second insulating material comprises silicon oxide.

7. The semiconductor storage device according to claim 6,
wherein the first insulating material i1s silicon nitride.

8. The semiconductor storage device according to claim 1,
wherein the thickness of the second 1nsulating material in a
direction intersecting the stacking direction 1s at least 15 nm.

9. The semiconductor storage device according to claim 8,
turther comprising:

an 1nsulator in a slit 1n the stacked body between the first
stacked region and the second stacked region.

10. The semiconductor device according to claim 9,
wherein the slit has sidewalls which are inclined with
respect to the stacking direction.

11. The semiconductor storage device according to claim
1, further comprising:

a plurality of contacts extending in the stacking direction

through the stacked body in the first stacked region;
an msulator 1n a first slit 1n the stacked body between the

first stacked region and the second stacked region.
12. The semiconductor device according to claim 11,
wherein the first slit has sidewalls which are inclined with

respect to the stacking direction.
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13. The semiconductor device according to claim 1,
further comprising:

a peripheral circuit between the stacked body and the

substrate, wherein

the contact extends from an uppermost surface of the
stacked body to the peripheral circuit.

14. A semiconductor storage device, comprising:

a peripheral circuit on a substrate and including a tran-
sistor:

a stacked body above the substrate, the peripheral circuit
being between the stacked body and the substrate 1n a
first direction, the stacked body having a first stacked
region in which a first msulating layer and a second
insulating layer are alternately stacked on each other 1n
the first direction and a second stacked region 1n which
a conductive layer and the first msulating layer are
alternately stacked on each other 1n the first direction;

a memory pillar that extends 1n the first direction through
the second stacked region, memory cells being at
intersections of the memory pillar and at least some of
the conductive layers; and

a contact that extends in the first direction through the first
stacked region to contact the peripheral circuit, wherein

the second insulating layer comprises a first-type insulat-
ing material within the first stacked region and a
second-type insulating material on ends of the second
insulating layer 1n a second direction intersecting the
first direction.

15. The semiconductor device according to claim 14,
wherein the first-type insulating material 1s silicon nitride
and the second-type insulating material 1s silicon oxide.

16. The semiconductor storage device according to claim
14, wherein the thickness of the second-type insulating
material 1n the second direction 1s at least 15 nm.

17. The semiconductor storage device according to claim
14, further comprising:

an msulator 1n a slit in the stacked body between the first
stacked region and the second stacked region.

18. The semiconductor device according to claim 16,
wherein the slit has sidewalls which are inclined with
respect to the first direction.

19. A method for fabricating a semiconductor storage
device, comprising:

forming a stacked body by alternately stacking a first
isulating layer and a second insulating layer above a
substrate having a conductive layer;

forming a pillar and a columnar portion to pass through
the stacked body;

forming a first slit in the stacked body and a plurality of
second slits 1n the stacked body spaced from each other
in a first direction parallel to the substrate;

forming a resist pattern that closes an opening of the first
slit but does not close the openings of the plurality of
second slits;

performing etching for forming a groove from which
portions of the second insulating layer exposed by the
plurality of second slits are removed such that an end
face of the second insulating layer 1s recessed 1n the
first direction with respect to an end face of the first
insulating layer;

removing the resist pattern;

forming a protective film 1n the groove; and

removing parts of the second insulating layer exposed
through the first slit and replacing the removed parts of
the second insulating layer with a conductive material.
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20. The method according to claim 19, further compris-
ng:
forming a conductive contact through the first insulating
layer and a remaining part of the second insulating
layer to reach the conductive layer. 5
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